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GENERAL INTRODUCTION 
Environmental contamination due to man-made chemicals and industrial pollutants 
has been shown to cause adverse effects in wild animals and in humans. Many of these 
chemicals are capable of acting as endocrine disruptors in the environment. An endocrine 
disruptor is described by the Endocrine Disruptor Screening and Testing Advisory 
Committee (EDST AC) as "an exogenous chemical substance or mixture that alters the 
structure or function(s) of the endocrine system and causes adverse effects at the level of the 
organism, its progeny, populations, or subpopulations of organisms, based on the scientific 
principles, data, weight-of-evidence, and the precautionary principle." 
Environmental contamination has been shown to cause endocrine disruption by 
inducing estrogenic effects in wild populations of birds, fish and reptiles with temperature-
dependent sex determination (TSD). These estrogen mimics disrupt the normal steroid 
hormone levels within developing embryos and adult animals. These alterations could, and 
in some species have been shown to affect the physiology and behavior of developing 
embryos and adult species. In reptiles with TSD, environmental contamination has caused 
complete sex reversal in alligators and also led to inadequate embryological development of 
the reproductive system leading to sterile and infertile gonads. 
Studying reptile species that exhibit TSD as opposed to those that exhibit genetic sex 
determination could serve as ideal models for assessing environmental contamination due to 
their unique means of sexual differentiation. Those reptile species with TSD could also be at 
higher ecological risks than other species that are typically genetically sexed determined, to 
low dose exposure to estradiol 17-~ and estrogen mimics which are known to have effects on 
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sex outcome. The attempt of this thesis is to address what is known thus far about TSD and 
it's mechanism(s) in order to better evaluate how and which environmental waste chemicals 
may act as endocrine disruptors. This knowledge will aid in understanding what effects these 
endocrine disruptors will have on the survivability of wild life and humans. 
Thesis Organization 
This thesis is written in an alternative format. It includes a literature review, a 
statement of the problem, a manuscript to be submitted to the Journal of Environmental 
Health Perspective, a general conclusion, and a final list of references of all the sources in the 




The oldest known reptiles appear in the Carboniferous period about 340 million years 
ago. Even today a number of species retain much of the same morphology as their ancestors 
in the Age of Reptiles, the Mesozoic Era. Among these groups are the crocodilians and the 
chelonians. An interesting feature is that both groups have a mechanism of sex 
differentiation different from that of other amniotes, such as birds and mammals. This sex 
differentiation mechanism is called "temperature-dependent sex determination" (TSD). With 
TSD, the incubation temperature of the eggs determines the sex of the hatchling. TSD 
characterizes all species of crocodile, some lizards and all but a few species of turtles that are 
genetically sex determined (GSD). 
Numerous studies show that hormones play an important role in sex determination for 
TSD species. One group of hormones in particular that appears to have a very potent effect 
on sex determination are estrogens. Estrogens are responsible for female sex determination, 
whereas male sex determination is influenced by the presents of dihydrotestosterone (DHT). 
Although the exact mechanism(s) for TSD are not known it has been shown that small 
concentrations of estrogens or estrogen mimics can cause sex-reversal, male to female sex 
determination, with TSD species. 
There is a special concern for the possible effects of environmental pollutants acting 
as endocrine disruptors. These endocrine disruptors act by mimicking natural chemical 
regulators (hormones) or by preventing their actions. Many studies have been conducted 
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assessing the immunologic, neurologic, reproductive and developmental affects that 
endocrine disruptors may or may not be causing. For example, the pesticide 
dichlorodiphenyltrichloroethane (DDT) has shown estrogenic effects in vertebrates and one 
of its metabolites, dichlorodiphenyldichloroethylene (DDE), has exhibited antiandrogen 
effects. 
Since the discovery of TSD in 1966 (Chanier, 1966), much has been learned and 
theorized about the mechanism(s) responsible for TSD and it's evolutionary significance, 
however a full understanding still escapes us. Understanding what we know thus far on the 
possible mechanism(s) ofTSD in reptiles may help us better understand what effects 
environmental contamination, may have on the future survival of species exhibiting TSD, as 
well as and other species as our own. 
This thesis will cover the topics of (1) temperature-dependent sex determination, 
mainly among turtles, (2) the functions of the endocrine system, comparatively, (3) endocrine 
disruptors and their affects on reproduction, and ( 4) the conclusion, about the future affects 
of endocrine disruptors on TSD species. 
Temperature-Dependent Sex Determination 
Chamier (1966) observed biased sex ratios among hatchlings of a lizard (Agama 
agama) incubated under different conditions of temperature and substrate. From these 
results Chamier concluded that incubation temperatures might have an effect on reptile sex 
ratios. A few years later, the temperature sensitivity of gonadal differentiation was shown in 
two species of turtles, Emys orbicularis and Testudo Graeca (Pieau, 1971, 1972). These first 
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studies have lead to the many recent ones, giving us a much better description of TSD, but 
little understanding of it's significance. 
Comparison of TSD vs. GSD 
Sex determination can occur by either TSD or GSD processes in vertebrates. In 
vertebrates that are GSD, such as mammals, the males are heterogametic having both X and 
Y sex chromosomes, while the female are homogametic having only X sex chromosomes. 
However, in birds the females are heterogametic having Z and W sex chromosomes, while 
the males are homogametic having only Z sex chromosomes. GSD offspring sex is 
determined at fertilization by distinct sex chromosomes and is not influenced by the external 
environment. These chromosomes are then responsible for gonad formation that leads to 
hormones causing sexual differentiation of phenotypes (Crews et al., 1994). Because the 
probability of GSD species receiving either chromosome is equal at conception, sex ratios 
typically tend to be 1: 1. 
Reptiles have four types of sex determination strategies. Three types are GSD and 
include, (1) XX/XY, (2) ZZ/ZW and (3) cases in which no heteromorphic chromosomes have 
been identified. The fourth is TSD, the offspring's sex is determined after fertilization by 
environmental temperatures (reviewed by Bull, 1980; Raynaud and Pieau, 1985; Ewert and 
Nelson, 1991; Janzen and Paukstis, 1991). Unlike GSD, TSD often produces marked 
deviations from a 1: 1 sex ratio. 
TSD species' sex is not determined at fertilization, for no specific chromosomes are 
present for sex determination. However after fertilization, differences in incubation 
temperature differentially acts on genes encoding for steroidogenic enzymes and hormone 
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receptors causing gonad formation ( ovaries or testes) that leads to further hormone 
production in a female or male direction. These later hormones produced, estrogens or 
androgens, are then responsible for sexual differentiation of phenotypes (Crews et al., 1994). 
Sex Determination Patterns 
In all crocodilians, most turtles, and some lizards the temperature of the incubating 
egg determines its sex. Several different patterns of dependence of sex on temperature have 
been described. In pattern FM, females are produced at low incubation temperatures and 
males at high incubation temperatures, while pattern MF is just the opposite. In pattern FMF, 
low incubation temperatures produce females, intermediate incubation temperatures produce 
males and high incubation temperatures produce females (Lang and Andrews, 1994). In 
Trachemys scripta ( common name; red-eared slider), which exhibit a MF pattern, eggs 
incubated at 26°C will produce all male hatchlings and eggs incubated at 31 °C will produce 
all female hatchlings. Temperatures fluctuating between these ranges produce a mixed sex 
ratio. A temperature around 29.2° C produces a 1: 1 sex ratio, and is known as the pivotal 
temperature (Willingham and Crews, 1998). 
The thermo sensitive periods, the periods during embryonic development which 
temperature induces sex determination of reptiles with TSD, typically occurs during the 
middle one-third to one-half of incubation (Yntema, 1979; Bull and Vogt, 1981; Ferguson 
and Joanen, 1983; Bull, 1987; Webb et al., 1987). Based on the criteria described by Yntema 
(1968), the thermo sensitive period for Trachemys scripta was stage 15-21 during embryonic 
development (Wibbels, T., Bull, and Crews, 1991). Using temperature-shift experiments 
allowed determination of the thermo sensitive period. For example, Trachemys scripta eggs 
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that were incubated at male producing temperatures (26°C), were shifted to female 
temperatures (31 °C) at different stages of development, and if the sex could be reversed it 
was considered to be part of the thermo sensitive period (Wibbels et al., 1991a). 
How does temperature ultimately act on a hatchling and determine its sex? Most 
studies to date have utilized constant incubation temperatures which is unphysiological, 
natural environment experience a wide range of fluctuating temperatures. So most 
hypotheses of TSD are based on constant versus sigmoid shaped temperature signals, which 
undisturbed eggs experience. However, Crews et al. (1994) established four points regarding 
temperature effects on Trachemys scripta hatchlings sex: 1) sex determination is sensitive to 
both the duration and magnitude of incubation temperatures (Wibbels et al., 1991a). 2) Sex-
specific changes in gonads are reversible at early stages of gonadal differentiation (Wibbels 
et al., 1991a,b). 3) Sex outcome is an all or none event, with intersexes unlikely (Crews et 
al., 1991). 4) During the thermo sensitive period, the effect of temperature appears to be 
cumulative. The longer an embryo spends at one temperature the more extreme a new 
temperature must be to override the initial temperature effect (Wibbels et al., 1991b). In 
conclusion from these generalizations, a few hypothesis regarding the mechanisms of TSD 
have been proposed. 
Mechanisms 
The mechanism( s) for TSD are still unknown. Some of the genes acting in TSD also 
occur in mammalian genetic sex determination (Lance, 1997). In TSD species, temperature 
appears to determine sex by acting on genes that encode for steroidogenic enzymes and 
8 
steroid hormone receptors, thus modifying the endocrine microenvironment of the embryo 
( Crews et al, 1994). 
Jeyasuria et al (1994), worked with Malaclemmys terrapin in order to find the 
mechanism ofTSD for reptiles. Since estrogen injections at male producing temperatures 
produced females, they concluded that the gene for conversion of androgens to estrogens, 
P450 aromatase, was involved in sex determination. Using embryonic adrenal/ kidney/ 
gonadal (AKG) complexes, levels of aromatase messenger transcripts during embryonic 
development at male and female producing temperatures have been studied. They found a 
correlation between temperature and aromatase mRNA levels in the AKGs. This research 
could then show that the transcription factor and its corresponding gene could be responsible 
for TSD. 
Deeming and Ferguson (1989) worked with A. mississippienis and concluded that 
female is the default state and possibly is with all other TSD reptiles. It is thought that the 
development of males is based upon certain criteria that must be met during incubation. 
Male determining factor (MDF) may be responsible for testis development. MDF may be 
temperature sensitive and if able to reach sufficient amounts during the critical period ( stages 
of embryonic development where sex differentiation occurs), will produce males. However, 
if there are insufficient amounts ofMDF present the embryo will default to a female. 
Deeming and Ferguson (1988, 1989) also explain that incubation temperatures may 
control the hypothalamus and secretion of Luteinizing Hormone. The secretion of LH is 
thought to occur by either a LH releasing hormone or by LH receptors on the gonads. This 
suggests that gene expression at one or both gonadal and hypothalamic sites controls sex. 
LH levels will then be greatest at male determining temperatures. Any temperatures that are 
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above and below male determining temperatures will produce smaller amounts of LH and 
yield female offspring. 
What is known is that estrogen is essential for an ovary to develop and that in the 
absence of an estrogenic signal the indifferent gonad will develop as a testis (review in 
Lance, 1997). Thus, aromatase probably plays an important part in the mechanism of TSD, 
whether it is the activation of the aromatase gene or somewhere upstream is still not known 
(Lance, 1997). 
Physiological Roles of Yolk Hormones 
The physiological roles of yolk hormones in TSD species have been studied by 
measuring endogenous steroid hormone levels in plasma and in body tissue and by the 
application of steroids internally and exogenously to egg shells. Testosterone serves as a 
precursor for both dihydrotestosterone (DHT) and estradiol 17-~ (E2). Synthesis ofDHT is 
derived from testosterone by the 5a-reductase enzyme is responsible for male sex 
determination. Female sex determination is due to the effects of OE, which is synthesized by 
aromatization of testosterone. These specific steroid hormones appear to play key roles in 
sex determination. 
Estrogens or estrogenic xenobiotics given to a reptile embryo during the thermo 
sensitive period causes it to develop into a female at any given incubation temperature, 
including male temperatures (Wibbles and Crews, 1992; Lance and Bogart, 1992; Wibbles et 
al., 1994; Crews, 1994, 1996; Crews et al., 1994; Pieau, 1996). Eggs incubated at strictly 
male producing temperatures however, require greater amounts of estrogen than those at 
mixed ratios, showing a negative correlation between estrogen and incubation temperature 
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(Crews, 1996). Exogenous application ofDHT causes male sex determination, but its effects 
are only seen when eggs are incubated at a pivotal temperature (50:50); while eggs incubated 
at a female producing temperature results in all females (Crews and Bergeron, 1994). It than 
appears that DHT does not have any synergistic effect with incubation temperature, as do 
estrogens. 
Administration of high doses of testosterone (> 100 µg) has shown to produce females 
at male producing temperatures (Wibbels and Crews, 1992). However, aromatase inhibitors 
separate and with testosterone administered to Trachemys scripta eggs induced testis 
differentiation at female-producing temperatures (Dorizzi et al., 1994; Rhen and Lang, 1994; 
Crews and Bergeron, 1994). This shows that the exogenous testosterone may be aromatized 
to estradiol and suggest that endogenous testosterone concentrations may also effect sex 
outcome. The dosage of estradiol (0.1 µg) required to induce female sex determination 
versus that of testosterone (100 µg) to cause an equivalent effect is a 1000 fold difference 
(Crews et al. 1991). This shows that low concentrations of estrogens have greater physiologic 
effects on reproductive development than much higher doses of testosterone. This evidence 
suggests that temperature determines sex in TSD species by influencing steroid hormone 
metabolism and/or sensitivity. 
Maternal Effects 
It had been assumed that TSD was only influenced by temperature until recently 
when the idea that maternally derived hormones may also have influence on sex 
determination was raised (Janzen et al. 1998; Bowden et al, 2000). In birds the steroid 
hormones in the yolk have important phenotypic effects on avian young, including growth 
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and behavior (Schwabl, 1993; Schwabl, 1996). Differing initial concentrations of maternal 
steroids present in the yolks of TSD species could also play a role in sex determination. 
In the laboratory when turtle eggs were incubated at a pivotal temperature that 
produced approximately a 1: 1 sex ratio, Some clutches exhibited a strong tendency to 
produce mostly males or females among clutches (Bull et al., 1982; Ewert et al., 1994; 
Janzen, 1992; Rhen and Lang, 1999). This leads to the suspicions that maternal effects may 
possibly be affecting sex ratios among clutches. Maternal yolk steroid hormones of reptiles 
with TSD were tested and showed variation among clutches, but not within clutches (Conley 
et al., 1997; Janzen et al., 1998), possibly explaining male and female bias within clutches 
due to differences in the initial yolk steroids levels. The yolk testosterone concentrations of 
C. s. serpentina were positively correlated with male sex ratio, however this was only seen at 
the pivotal temperature. Comparisons of turtle yolk steroids from two species of turtles that 
were GSD versus three that were TSD showed that TSD species had much higher yolk 
testosterone concentrations. These findings suggest that maternally derived steroid hormones 
may play an important role in sex determination in TSD species. However, an alternative 
theory might be that male and female bias among clutches could be simply statistical, 
because of small sample sizes. This theory could be proved or disproved by using species of 
sea turtles that lay much larger numbers of eggs for increasing the statistical power for 
testing male and female bias among clutches. 
Adaptive Significance of TSD 
The explanation to how crocodilians and the chelonians have survived mass 
extinction at the end of the Cretaceous period is still unknown and can only be speculated 
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upon. Was it because they were the only groups that were TSD and if so why was TSD more 
adaptive versus GSD? Proving any of this may be difficult, however becuase some of the 
present day chelonians are GSD species. 
Deeming and Ferguson (1989b) state that the temperature that eggs of TSD species 
are incubated at not only influences sex, but the development and physiology of the young 
before and after hatching in the alligator. The temperature affects the pigmentation, ability to 
regulate body temperature and growth from embryo to adulthood. They further explain that 
this produces a population of animals adapted to a range of environments due to differences 
in incubation temperatures. Thus, allowing them to adapt quickly and enable populations to 
recover quickly from catastrophes. Unlike TSD where morphological and other traits can be 
affected in just one generation, GSD species require long selection time-scales for adaptation 
(Deeming and Ferguson, 1989). If the selection process were to slow in adapting to 
environmental changes, extinction would occur. These theories support that TSD is possibly 
the reason why crocodilians and the many of the chelonians still exist today, yet these 
theories are grossly speculative. Also, neither Deeming and Ferguson nor others have even 
studied specific temperature affects on the pigmentation, ability to regulate body temperature 
and growth from embryo to adulthood in GSD species. 
Endocrine System 
The endocrine system consists of a variety of cells, tissues, and organs 
(hypothalamus, pituitary, thyroid, parathyroid, adrenal cortex, adrenal medulla, pancreas, 
gonads (testis and ovaries), pineal body, thymus, placenta during pregnancy in mammals, and 
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in nonmammalian vertebrates the ultimobranchial bodies) in vertebrates that act together 
with parts of the nervous system to control body activities and maintain homeostasis. The 
endocrine system and the nervous system each transmit signals by which the body can 
communicate and adjust to changes in the external and internal environment. The nervous 
system communicates with various cells via nerve impulses carried on nerve fibers, whereas 
the endocrine system uses hormones that act as chemical messengers to their target cells. 
The concentrations of these hormones are typically effective at very low concentrations in 
vertebrates, in humans they range between 10-8 and 10-12 M. Yet, the hormones and the 
endocrine glands that secrete them are vital to an organism's differentiation, reproduction, 
growth and development, and adaptation (Guyton, 1996; Ganong, 1997; Norris, 1997; Berne 
and Levy, 1998;). 
Functions of Glands and Hormones 
A hormone is defined as chemical substance that is transmitted throughout the body 
via circulatory system by a single cell or a group of cells that reach target cells that elicit a 
response. The endocrine system integrates body functions by the synthesis and release of 
hormones. Hormones are classified as three chemical substances, (1) steroids, (2) proteins or 
peptides, and (3) derivatives from the amino acid tyrosine (Guyton, 1996). More 
importantly, is understanding each hormones critical role in development and maintaining 
life, in order to further explore potential dangers these hormones or other chemicals that 
mimic or inhibit them may cause. 
The roles of the endocrine organs and their hormones among all vertebrates are quite 
similar in many ways, however there are very interesting anatomical and physiological 
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differences as well. This section will only discuss the similarities and a few differences of 
the endocrine systems of mammalians, mainly humans, and that of reptiles, mainly turtles, on 
a comparative basis. Below is a very brief review of the major functions of the endocrine 
organs and some of the actions of the hormones they secrete. 
Anterior Pituitary. The anterior pituitary releases six hormones. (1) Growth Hormone (GH) 
which targets the whole body causing the growth of cells, bones and soft tissue. Mammalian 
GH and Prolactin was also shown to stimulate growth in juvenile snapping turtles. (2) 
Adrenocorticotropin (ACTH) targets adrenal cortex gland causing release of adrenalcortical 
hormones (glucocorticoids, adrenal androgens and mineral corticoids). (3) Thyroid-
stimulating hormone (TSH) controls functions of the thyroid gland releasing thyroxine (T4) 
and triiodothyronine (T3). ( 4) Follicle-stimulating hormone (FSH) stimulates ovarian follicle 
growth in females and spermatogenesis in males. Chelonians appear to be highly sensitive to 
mammalian and other vertebrate FSHs. ( 5) Luteinizing hormone (LH) causes ovulation and 
luteinization of ovarian follicles in females and testosterone secretion in males (Guyton, 
1996; Ganong, 1997; Berne and Levy, 1998;). However, mammalian LH effects on 
chelonian testes are unclear since it has only been shown thus far to cause a response in one 
species of turtle, Chrysemys picta (Norris, 1997). (6) Prolactin (PRL) in mammals promotes 
development of the breasts, secretion of milk and stimulates maternal behavior. In 
chelonians, PRL as mentioned previously caused increase growth in juvenile snapping 
turtles. Most interesting though is the PRL's role of enhancing T4 effects in the molting 
process of snakes and lizards (Norris, 1997). 
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Posterior Pituitary. The posterior pituitary is not typically classified as an endocrine gland, 
since the 2 chemicals it releases are hypothalmic hormones. This gland and it's associated 
hormones, however will be discussed. (1) Antidiuretic hormone (ADH) in reptiles is thought 
to be arginine vasotocin and in mammals to be arginine vasopressin (Sawyer et al, 1961). 
These hormones act as an antidiuretic by promoting water retention and when in high 
concentrations increases blood pressure. (2) Oxytocin causes uterine contractions during egg 
laying in reptiles and birthing in mammals. Oxytocin also contracts myoepithelial cells in 
the mammary gland of mammals to eject milk (Guyton, 1996; Ganong, 1997; Norris, 1997; 
Berne and Levy, 1998;). 
Adrenal Gland. The adrenal glands of chelonians, crocodilians and most snakes are paired 
and reside supra-renally as do mammalian. The mammalian adrenal gland has two distinct 
regions, an outer and inner, the cortex and medulla respectively. The cortex produces three 
hormones while the adrenal medulla produces two. First in the adrenal cortex region is the 
( 1) Mineral corticoids ( aldosterone) produced in the zona glomerulosa causing reduced 
sodium excretion by the kidneys and increased potassium excretion while controlling 
extracellular fluid volume. (2) Glucocorticoids ( cortisol) produced in the zona fasciculata 
control effects on carbohydrate, protein and fat metabolism. (3) Sex steroids, androgens and 
estrogens are synthesized in the zona reticularis and are responsible for some secondary sex 
characteristics in males and females. The adrenal medulla consists of chromaffin cells that 
synthesize catecholamine hormones, norepinephrine and epinephrine. Less is known about 
the adrenal glands of reptiles than that of mammals. There is evidence of greater zonification 
of the adrenalcortical cells in reptiles than that of mammals (Guyton, 1996; Ganong, 1997; 
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Berne and Levy, 1998;). In lizards and some snakes, chromaffin cells that are homologous to 
that of mammalian medulla are found encapsulating adrenalcortical cells. Studies of the 
adrenal glands ofreptilian species (turtles, lizards, snakes and the American alligator) have 
mainly found it to synthesize corticosterone, 18-hydroxycorticosterone and aldosterone ( 
Norris, 1997). 
Thyroid and Ultimobranchial glands. The thyroid gland produces three hormones in 
mammals: (1) thyroxine (T4), (2) triiodothyronine (T3), and (3) calcitonin. In reptiles T4 
and T3 are secreted from the thyroid, however the ultimobranchial gland secretes calcitonin. 
In both, mammals and reptiles, T3 and T 4 are synthesized in the colloid region and target 
virtually all cells of the body. The functions of T3 and T4 are to increase chemical reactions 
in cells throughout the body causing an overall increased body metabolism. Thyroid activity 
in reptiles has been correlated to a number of important reproductive events, such as 
spermatogenesis, ovulation and mating (Norris, 1997). The secretion of calcitonin although 
secreted by different glands in mammals versus reptiles functions to decrease calcium 
concentration (Ca2+) in the blood by causing the uptake and deposition of calcium in bones 
(Guyton, 1996; Ganong, 1997; Norris, 1997; Berne and Levy, 1998;). 
Parathyroid. The parathyroid gland produces parathormone (PTH). This hormone functions 
by increasing Ca2+ concentration in the blood by targeting 3 organs: the skeleton, kidney and 
intestine. Affects the skeleton by activating osteoclasts, causing digestion of the bone matrix 
releasing Ca2+, and controls absorption and excretion of Ca2+ by the intestine and kidney, 
respectively (Guyton, 1996; Ganong, 1997; Norris, 1997; Berne and Levy, 1998;). 
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Ovaries. The ovaries synthesize many hormones, however the main two hormones: estrogen 
and progesterone will be discussed. In vertebrates estrogen causes the development of the 
female sex organs and various secondary female characteristics. Additionally, estrogen and 
progesterone in reptiles and as in most vertebrates stimulates female receptive and mating 
behaviors (Guyton, 1996; Ganong, 1997; Norris, 1997; Berne and Levy, 1998;). 
Testis. The testis is the site for testosterone synthesis. Testosterone serves as a precursor to 
the synthesis of both estradiol and dihydrotestosterone (DHT) by aromatase and 5a-reductase 
enzymes, respectively. Testosterone and DHT causes development of the male sex organs, 
secondary male characteristics and mating behavior. It is thought that the effect of 
testosterone in some target cells first involves the conversion of testosterone by the 5a-
reductase enzyme to DHT. Both DHT and testosterone bind to androgen receptor cites, 
however DHT has a higher affinity than testosterone to those sites (Guyton, 1996; Ganong, 
1997; Norris, 1997; Berne and Levy, 1998;). In turtles incubated at a pivotal temperature, 
exogenous testosterone produced female biased sex ratios where DHT produced male biased 
sex ratios (Crews and Bergeron, 1994). Thus the role of varying testosterone concentrations 
on male sex determination in turtles remains unclear. 
Pancreas. The pancreas secretes two hormones, insulin and glucagon. Insulin affects most 
cells of the body by allowing glucose uptake by the cells, thus controlling the rate of 
carbohydrate metabolism. Glucagon causes an increase in gluconeogenesis from available 
amino acids in the liver and elevates metabolic rate. Reptiles and mammals both show these 
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responses to injected insulin and glucagon (Guyton, 1996; Ganong, 1997; Norris, 1997; 
Berne and Levy, 1998;). 
Placenta. The placenta plays an important role in mammalian's endocrine system during 
pregnancy, however has no role or existence in egg laying reptiles. Due to its importance in 
mammals alone it should not be overlooked. The placenta is the site for the production of 
human chorionic gonadotropin (HCG), estrogens, progesterone, and human chorionic 
somatomammotropin HCS). HCG causes growth of the corpus luteum and prompts it to 
continue secreting progesterone and estrogens. Estrogens promote (1) growth of the 
mother's sex organs, such as the uterine myometrium for the role oflabor and (2) growth of 
fetal tissues. Progesterone is most responsible for the establishment and sustenance of the 
fetus in the uterine cavity. HCS antagonizes insulin's actions and causes nitrogen, 
potassium, and calcium retention, and lipolysis increasing the maternal blood glucose supply 
reaching the fetus for growth and development (Guyton, 1996; Ganong, 1997; Norris, 1997; 
Berne and Levy, 1998;). 
Overview. The functions of the endocrine system from conception through adulthood in 
maintaining life cannot be overemphasized. Although a few of the functions were briefly 
explained previously it can well be understood that disturbances in any of the functions of the 
endocrine systems can have devastating affects. These disturbances can occur from the lack 
of or excessive amounts of hormones secreted by the organs themselves or due to 
environmental (ex: phytoestrogens) and (or) man-made chemicals inhibiting and (or) 
mimicking natural hormone actions. These natural hormones have many important roles on 
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metabolism, sex development and sexual functions that determine the survivability of all 
orgamsms. 
Endocrine Disruptors 
In the past, environmental wastes were not considered hazardous as long as the 
concentration remained below a threshold dose. Defining the threshold was determined by 
finding the maximum dose below where there would be no effects or effects detected. The 
effects would range from developmental delay to malformations and even death. However, 
these studies looked at carcinogenesis, where damage to one or a few cells was not 
considered as causing substantial or disruptive effects, which were thought to only occur if 
many cells had been damaged. Meaning that there would be a threshold number of cells that 
would need to be damaged or altered to cause a disruptive effect and that number threshold 
would be associated to a concentration threshold therefore giving a threshold dose (Giavini, 
1988). The threshold definition proposed by Beckman and Brent (1984), "threshold- the 
level of exposure below which the incidence of death, malformation, growth retardation or 
functional deficiency is not statistically greater than that of control." However, many other 
factors complicated matters yet further in determining a "threshold dose" for environmental 
wastes. Many studies for carcinogens were performed on adult animals, which were less 
sensitive and had quite different effects than those of developing embryos. In addition, 
single compounds were typically studied for their adverse affects when animals were actually 
being exposed to mixtures of compounds in their natural environment (Gaylor et al., 1988). 
Studies have shown that mixtures or combinations of environmental chemicals cause 
synergistic effects greater than that of chemicals tested separately (Arnold et al. 1996). 
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It is generally accepted that the normal functions of all organ systems are in one way 
or another regulated by endocrine factors and that small disturbances in endocrine function, 
especially during certain stages of development can cause life long adverse effects. 
Many environmental waste chemicals are capable of acting as endocrine disruptors in 
the environment. An endocrine disruptor is described by the Endocrine Disruptor Screening 
and Testing Advisory Committee (EDST AC) as "an exogenous chemical substance or 
mixture that alters the structure or function(s) of the endocrine system and causes adverse 
effects at the level of the organism, its progeny, populations, or subpopulations of organisms, 
based on the scientific principles, data, weight-of-evidence, and the precautionary principle." 
This has been a growing concern over the years since evidence shows that specific 
populations of animals and humans have been, or currently are being, adversely effected 
upon exposure to environmental contamination acting via endocrine systems. Several cases 
thus far discovered have been feminization of gull embryos from DDT causing female-biased 
sex ratios (Fry and Toone, 1981 ), and feminization of male fish exposed to municipal 
discharges and some types of industrial effluents (Bortone et al., 1989; Purdom et al., 1994). 
Population declines of alligators correlated with delayed and abnormal sexual differentiation 
as well induced feminization of male alligators due to organochlorine pesticides have been 
reported (Guillette et al. 1994). 
The discovery of which chemicals in the environment that are acting as endocrine 
disruptors appears to be just half the battle. The other half of the battle is determining what 
levels remain below a threshold in the environment where they are "safe or have no 
significant effect on organisms." However, there is dispute about the theory if a threshold 
dose actually exists for endocrine disrupting chemicals. It is believed that if a synthetic 
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chemical mimics an endogenous hormone and can bind to it's receptor cite and elicit a 
response, the threshold has already been surpassed; thus no threshold dose exist (Gaylor et 
al., 1988; Willingham and Crews 2000). These responses can than have adverse impacts on 
developing embryos whose endocrine system is highly sensitive in carrying out normal 
development. Thus, any synthetic chemicals mimicking or inhibiting endogenous hormones, 
such as pseudo estrogens can have adverse effects overall decreasing population sizes as seen 
by the American alligators in Lake Apopka, Florida (Woodward et al. 1989; Guillette et al. 
1994). 
Conclusion 
In conclusion, environmental wastes have been shown to be a concern, because of 
their disruptive affects via endocrine system on humans and wildlife. Most heavily studied 
have been the effects of synthetic chemicals in the environment that mimic the effects of 
female sex hormones, estrogens. These pseudo estrogens have proven to cause adverse 
effects on reproduction and development. Most notably these effects typically are discovered 
after there has been a dramatic decrease in population size of a species. This means by the 
time some environmental hazards are discovered some species populations may be 
unrecoverable and result in extinction. For instance, studies of the American alligator of 
Lake Apopka, Florida, demonstrated that contamination from extensive farming and from 
sewage caused massive reduction in neonatal and juvenile populations and abnormal gonad 
development (Woodward et al. 1989; Guillette et al. 1994). This population of American 
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alligator is still under intensive study for the acute and chronic effects of these environmental 
wastes acting as endocrine disruptors. 
TSD species, such as turtles, can serve as biological markers for endocrine disruptors, 
specifically on reproduction. Due to their unique means of sex determination, TSD, they can 
serve as predictable models to detect potentially harmful endocrine disruptors, such as 
estrogen mimics. This is because of their sensitivity to low doses of environmental 
estrogens, singly and in mixtures, and very low doses of estradiol applied exogenously to 
eggshells affecting their reproductive development (Willingham and Crews, 2000; Sheehan 
et al. 1999). However, these same reasons are why all species that are TSD may be at greater 
risk than those that are GSD. Since, exogenous chemicals can override temperature effects 
and cause adverse effects on reproduction, which would than directly affect population sizes 
(Guillette et al. 1994; Willingham and Crews, 2000; Sheehan et al. 1999). 
In order to preserve life, as we know it for wildlife, and ourselves, synthetic 
chemicals which become exposed to the environment need to be evaluated for endocrine 
disrupting effects. Conclusive studies need to identify chemicals that may be having 
hormonal or antihormonal activity; and evaluate the effects in both adult and developing 
organisms. These measures if taken can help to ensure the safety, longevity and existence of 
wildlife and humans. 
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STATEMENT OF THE PROBLEM 
There is substantial evidence suggesting that specific populations of animals have 
been, or currently are being, adversely affected by environmental wastes mimicking or 
inhibiting natural hormones causing disruption to the endocrine system. These endocrine 
disruptors have effects on differentiation, reproduction, growth and development, and 
adaptation of an organism. Studies have shown these effects in populations of invertebrates, 
fish, avian, reptilian and mammalian species. For example, Lake Apopka in Florida has been 
extensively studied because the presence of organochlorine pesticides, such as DDT and its 
metabolites, and their effects on delayed or abnormal sexual differentiation. These effects 
have been correlated with the decline in the alligator population (Guillette et al., 1994). 
In many cases environmental pollutants have been shown to mimic estrogens. These 
pseudo estrogens in the environment have shown to cause feminization of the males of 
species that are genetically sex determined. However, species that are temperature-
dependent sex determined have shown besides just feminization effects on males but also 
complete sex reversal from male to female at male producing temperatures (Bergeron et al., 
1994; Willingham and Crews, 1999). 
It is necessary to evaluate the potential short and long term effects of man-made 
chemicals and industrial pollutants that may be disrupting the endocrine functions of wildlife 
and human populations. In certain regions of the world 2,4-Dichlorophenoxyacetic acid (2,4-
D) is used regularly as the a active ingredient in broad leaf herbicides. There has been on 
going research as to whether 2,4-D should or should not be classified as being a carcinogen 
for humans. However, there appears to be little if any information on 2,4-D's effects as a 
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possible endocrine disruptor. To address this issue we administered 2,4-D to developing 
turtle embryos to study its possible endocrine disruptor actions as a potential environmental 
estrogen, which may impact wildlife as well as humans around the world where 2,4-D is 
used. 
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Abstract 
Red-eared sliders, Trachemys scripta elegans, have temperature-dependent sex 
determination. Incubating eggs at 26°C and lower will produce all males while temperatures 
31 °C and higher produce all females. Temperatures in between these ranges produce mixed 
ratios of males and females, with a pivotal temperature of sex determination around 29.2°C. 
This pattern allows for predictive testing of environmental chemicals that may mimic or 
inhibit hormones that normally operate during reproductive development. Broad leaf 
herbicides contain the active ingredient 2,4-dichlorophenoxyacetic acid (2,4-D), which we 
suspect to be an endocrine disruptor with possible estrogenic effects. To test this hypothesis, 
202 red-eared slider eggs from 20 clutches were subjected to experimentation: a control 
group (n=51), a 95% ethanol transport control group (n=50), 10 µg / egg 2,4-D (n=51), and 
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10 µg / egg 17~-estradiol (E2)(n=50). The latter three treatments were applied exogenously 
to the eggshell, at approximately the middle one third of embryonic development, when sex 
is determined. Statistically, the actions of 2,4-D as an environmental estrogen were not 
detected. However, because of the unusual effects ofE2, on sex reversal in this study, the 
true effects of 2,4-D on sex determination remain unknown. 
Introduction 
In species with temperature-dependent sex determination (TSD) sex is not determined 
at fertilization, for no specific chromosomes are present for sex determination. However, 
after fertilization temperature acts on genes encoding for steroidogenic enzymes and 
hormone receptors causing gonad formation that leads to further hormone production. These 
later hormones are then responsible for sexual differentiation of phenotypes (Crews et al., 
1994; Pieau, 1996; Lance, 1997). 
Today there is environmental contamination in aquatic and terrestrial habitats all over 
the world due to major industrial wastes and from agricultural chemicals. All the possible 
effects of these environmental contaminants are still not known. As the incidence of cancers 
and reduced fertility (impotence and infertility) appears to increase over the years in humans 
it is still not totally understood why. These same incidences have also been detected in 
invertebrates, fish, avian, reptilian, and mammalian species that most likely resulted in a 
decline in their population numbers (Fry and Toone, 1981; Bortone et al., 1989; Guillette et 
al., 1994; Bryan et al., 1986). The evidence thus far strongly suggests that these species have 
been, or are being, affected by man-made chemicals and environmental pollutants that 
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disrupt their endocrine systems. Identifying environmental wastes and their physiologic 
impacts as endocrine disruptors is imperative. 
We evaluated the endocrine disrupting effects of a broadleafherbicide, 2,4-D, on 
developing embryos of the red-eared slider, Trachemys scripta elegans. This herbicide is 
widely used to control plant growth in areas where these turtles live and nest (Tucker, 
personal observations). The primary objective of the study was to determine if eggs 
administered exogenously with broad leaf herbicide exhibited atypical embryo development 
compared to those not receiving broad leaf herbicide at all. 
Materials and Methods 
Collection and Maintenance of Animals 
Twenty female Trachemys scripta elegans were collected from 15-23 June 2000 
during nesting events near Swan Lake, Calhoun County, Illinois (n=l 7) and Stump Lake, 
Jersey County, Illinois (n=3). Females were transported to the laboratory where they were 
weighed and measured. Females were induced to oviposit with an injection of oxytocin on 
23 June (see Tucker, 1997). 
The eggs were then collected and placed in boxes with vermiculite:water (1: 1) and 
transported to Iowa State University where they were held at room temperature for 7 days to 
determine viability by candling. Upon arrival at Iowa State, 2 eggs were randomly collected 
from clutches which had :::: 8 eggs and 3 eggs were randomly sampled from clutches that had 
9 eggs for hormone assays (see below). The remaining eggs were randomly assigned to 
treatments (see below) and then were almost completely the way buried in vermiculite:water 
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( 1: 1) in individual cups . These cups were enclosed in 1 gallon sized Ziploc bags enclosing 
to minimize water loss and incubated at a target temperature of 28.2°C (Janzen et al, 1998). 
Vermiculite was checked weekly to maintain hydric conditions of vermiculite: water at a 1:1 
ratio by replenishing lost water from evaporation and egg uptake. Ziploc bags were opened 
for - 5 minutes and then closed again every 3.5 days to maintain adequate gas exchange for 
developing embryos. Cups were rotated vertically and horizontally every other day to 
prevent embryo development effects due to temperature gradient differences within the walk-
in incubator. Temperature was monitored at 5-minute intervals with HOBO loggers, which 
were standardized using a certified calibrated mercury thermometer, placed in cups within 
the incubator. The mean temperature of the incubator was 27.7°C, which was 0.5°C lower 
than the target temperature of 28.2°C. 
Eggs were monitored twice daily towards the end of incubation for pipped (first 
breakage of eggshell by neonate) and hatched ( complete emergence from the egg) individuals 
(Gutzke et al., 1984; Janzen et al., 1998). At the discovery time of emergence, each 
hatchling was weighed to the nearest O.Olg. 
Treatments and Application Method 
Eggs from each clutch were randomly assigned and given 1 of 4 treatments on 12 
June 2000. The first treatment was the control group (n=51) while the second was 5 µl of 
95% ethanol transport control group (n=50). The third treatment was 10 µg / egg 2,4-D 
(n=51) dissolved in 5 µ1 95% ethanol, while the fourth treatment was 10 µg / egg 17~-
estradiol (E2) (n=50) dissolved in 5 µ1 95% ethanol. All treatments were applied 
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exogenously to the vascular region of the upper eggshell (Crews et al. 1991 b), at the 
thermosensitive period of sex determination, approximately the middle one third of 
embryonic development. 
Sexing of Hatchlings 
Hatchlings were placed in individual cups with ~ 1 inch of water and exposed to a 12-
hour light cycle at 27.7°C. The sex ofhatchlings was determined for different individuals at 
2, 4 and 7 months from hatching date. The intent was to assess possible effects of 2,4-D on 
rate ofreproductive development. Approximately 50% of the hatchlings were examined at 2 
months, 25% at 4 months, and the remaining 25% at 7 months. The last group of turtles 
received Tetra ReptoMin floating food sticks 2 times weekly after 4 months of hatch date 
before being sexed at 7 months. 
Turtle hatchlings were euthanized by a pericardia! injection of 0.8 ml of 1: 1 deionized 
water: Sleepaway ( euthanasia drug). Gonadal sex of the hatchlings was examined 
macroscopically (Janzen et al., 1992) and histologically (see below). All individuals from 
the experiment were preserved in 75% EtOH and some individuals have one gonad 
embedded in paraffin to serve as voucher specimens. 
Hematoxylin and Eosin Y Staining 
The left gonad was excised from hatchlings, fixed in formalin, and then embedded in 
paraffin within 2 weeks of macroscopic sexing. Gonads were sectioned at 7 :m and were 
placed on a slide, deparaffinized, and stained using Hematoxylin and eosin Y (1 %). Gonad 
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sections were examined under a microscope for abnormalities and to confirm sex of 
hatchlings. 
Testosterone Radioimmunoassays 
The testosterone assay of egg yolks was performed in the same laboratory and 
according to the methods of Janzen et al. (1998). The testosterone assay recovery values 
ranged from 67.4 - 91.4% with an average of 87.4%. The standard curve for the assay 
ranged from 2 to 300 pg. The intra-assay variation for testosterone was 13.7%. We focused 
on testosterone in egg yolk because it was related to phenotypic variation of hatchling turtles 
in an earlier experiment (Janzen et al., 1998). 
Statistics 
Data were analyzed using JMP version 4.0. Sex ratios were assessed with Fisher's 
exact one-tailed tests and sequential Bonferroni correction to ensure P-values were adjusted 
for multiple comparisons. Days to pipping, to hatching, and yolk testosterone were 
evaluated with an analysis of variance. Treatment effects on mass at hatching were tested 
using an analysis of covariance with initial egg mass as the covariate. 
Results 
Overall Treatment Effects 
Table 1 illustrates the treatment, dose, gonadal sex, number of turtles of undetermined 
sex, survival, and status of mullerian ducts. The 17~-estradiol (E2) treatment had the greatest 
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FIG. 1. Effect of exogenous compounds on sex determination in red-eared slider turtle, 
Trachemys scripta elegans, incubated at 27.7°C. Significant P-values were detected only 
with control, EtOH and 2,4-D versus *Estradiol-17~. 
extremely male biased. The 2,4-D treatment was second (18.75%), third was ethanol 
(8.33%) and the lowest was the control (5.88%), (Fig. 1). 
After Bonferroni adjustment, only the estradiol-17~ treatment effects on sex ratio were 
significantly different from those of the other three treatments individually (Table 2). The 
effects of 2,4-D versus the control group and the transport control were not significantly 
different. 
There were no treatment effects on days to pipping or days to hatching (P > 0.5 for 
both). There were also no treatment effects on hatchling wet mass (F = 0.202, p = 0.895). 
However, testosterone in egg yolks at oviposition differed significantly among clutches 
(F=3.5477, P=0.0014)(Fig. 2). Even so, clutch sex ratio from control and ethanol treatments 
combined was not significantly correlated with testosterone concentrations (R= 0.037, 
Table 1. Effects of 2,4-D, EtOH and Estradiol-17P on gonad sex determination, survival, mullerian development, days till pipped 
and hatched and wet mass. 
Dose Survival Status of Mullerian Days till Days till Wet 
Treatment {gg} Male Female Undetermined (%) ducts Pipped Hatched Mass (g) 
Control 0 48 3 0 100 N 60.47 63.16 6.81 
EtOH 0 44 4 1 98 1 male= M 61.41 63.00 6.55 
2 males= M; 2 = OS; 
2,4-0 10 39 9 2 98 1 = Ab 60.14 62.96 6.46 
Estradiol-
17~ 10 9 39 1 98 4 males= M; 1 = OS 61.78 63.33 6.76 
EtOH treatment = 5 µl 95% EtOH 
2,4-D and Estradiol-l 7P dosages delivered in 5 ~Ll 95% EtOH 
N = normal presence (female) or absence (male) ofmullerian ducts 
M = mullerian ducts visible 
DS = deformed shell 




P=0.412), nor were days to pipping, days to hatching, or mass at hatching (P2: 0.441 in all 
cases). 
Table 2. Showing P - values for all treatment comparisons using the sequential 
Bonferroni test value, P < 0.017. Treatment comparisons that were significantly 
different are balded. 
Control X 
EtOH 0.63 X 
2,4-D 0.04 0.14 X 
Estradiol-17f3 <0.001 <0.001 <0.001 
Control EtOH 2,4-D 
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FIG. 2. Testosterone concentrations (mean .±_SEM) from yolks of individual 
Trachemys scripta elegans eggs (2-3 eggs/clutch). Line represents mean (38.8 
± 13. 7)for all the clutches combined. 
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Discussion 
Studies in the laboratory with turtle eggs incubated at a pivotal temperature exhibit a 
strong tendency to produce mostly males or females among clutches (Bull et al., 1982; 
Janzen, 1992; Ewert et al., 1994; Rhen and Lang, 1999). Comparisons of turtle yolk steroids 
from two species of turtles with genotypic sex determination (GSD) versus three with TSD 
showed that estradiol-17~ concentration differences were negligible but that TSD species had 
much higher testosterone concentrations (Janzen et al., 1998). These findings suggest that 
yolk testosterone may play a role in embryonic sex determination in species with TSD. 
Furthermore, both estradiol-17~ and testosterone exhibit among but not within clutch 
variation (Conley et al., 1997; Janzen et al., 1998), possibly explaining male and female bias 
among clutches by the effects of initial hormonal concentrations within the yolks of 
developing embryos. 
In this study we found no correlation between sex ratio and testosterone concentration 
for Trachemys scripta elegans, as previously shown in this same species (Janzen et al., 1998) 
or as seen in painted turtles, Chrysemys picta, (Bowden et al., 2000). However, the yolk 
testosterone concentrations of the common snapping turtle, Chelydra serpentina serpentina, 
were positively correlated with a male biased sex ratio at a pivotal temperature of sex 
determination (Janzen et al., 1998). 
Although endogenous testosterone is not correlated with sex ratio in Trachemys 
scripta elegans (Janzen et al. 1998; Rose unpublished 2001), administering high doses of 
testosterone (> 100 µg) produces females at male-producing temperatures (Wibbels and 
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Crews, 1991). Furthermore, administering aromatase inhibitors separately and with 
testosterone to Trachemys scripta eggs induce testis differentiation at female-producing 
temperatures (Dorizzi et al., 1994; Rhen and Lang, 1994; Crews and Bergeron, 1994). These 
results show that exogenous testosterone may be aromatized to estrogens and that 
endogenous testosterone concentrations may affect sex outcome, possibly being the limiting 
factor in estrogen synthesis for female sex determination. In other species, where yolk 
testosterone concentrations were positively correlated with a male biased sex ratio (Janzen et 
al. 1998), testosterone may affect sex outcome by being the limiting factor for androgen 
synthesis for male sex determination. However, topical application of testosterone (15 µg) to 
snapping turtle eggs had no significant effect on sex ratios in a previous study (Rhen and 
Lang, 1994). 
Species with TSD such as the red-eared slider, could serve as a biological marker for 
endocrine disrupting effects on reproductive development. They exhibit a unique means by 
which sex is determined, allowing predictable sex outcomes, and they are sensitive to low 
doses of environmental estrogens, singly and in mixtures, and low doses of estradiol applied 
exogenously to eggshells (Willingham and Crews, 2000; Sheehan et al. 1999). Indeed, 
species with TSD may be at greater ecological risks than species with GSD to endocrine 
disrupting effects on reproduction because of their apparent increased sensitivity to man-
made chemicals and environmental pollutants. 
It is evident that hormones in species with TSD and GSD alike are responsible for the 
differentiation of phenotypes. However, the determination of sex is much different. Sex 
determination is the event(s) that initiates male or female producing mechanism(s). Sex 
differentiation is the chain of events that follows the activation of the sex determination 
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mechanism(s) controlling gene and hormonal regulation, causing the development of the 
indifferent gonad as a testis or ovary (Lance, 1997). In species with GSD, sex determination 
is fixed at the time of fertilization. The sex of species with TSD is not determined until 
temperature effects initiate male or female mechanism( s) that regulate gene and hormone 
regulation for developing the indifferent gonad during the middle one-third of embryonic 
development (Janzen and Paukstis, 1991). Thus there is greater potential for endocrine 
disruptors to adversely effect reproductive development in species with TSD. Species with 
TSD can therefore serve beneficially as biological markers for detecting endocrine disruptors 
( e.g. environmental estrogens) although they are concomitantly at higher ecological risk. 
Although the effects of 2,4-D as an environmental estrogen were not statistically 
significant in this study they may be ecologically significant. In prior studies, T. S. elegans 
eggs incubated at strictly male producing temperatures with exogenous application of al O µg 
dose of estradiol-17P at middle one third of incubation caused 100% sex reversal (males to 
females) (Wibbels et al. 1991b; Wibbels and Crews, 1992). However, in this study with the 
same species and the same 10 µg dose of estradiol-17P incubated at a male-biased 
temperature only 81.25% females resulted. 
The time at which the treatments were administered may explain these inconsistent 
results. The temperature sensitive period of sex determination occurs around stages 15-21, 
which is typically defined as occurring during the middle one third of incubation time, and 
can be affected by incubation temperature (Wibbels et al., 1991a). Additionally, an estrogen 
sensitive period was detected as occurring from stages 14-21 (Wibbels et al. 1991b). To 
maintain an adequate sample size for this study, eggs of developing embryos were not 
sacrificed for staging to determine the thermosensitive period. If treatments were applied 
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after the thermosensitive period for some of the developing embryos, the gonad may have 
already differentiated. Thus, for example, E2 may not have elicited 100% sex reversal as 
expected. As a consequence, the effects of 2,4-D as an environmental estrogen were 
probably minimized in this study and need to be investigated further. 
Implications 
The female sex hormone estradiol-17~, administered exogenously to red-eared slider 
eggs incubated at a male-biased temperature, results in a female-biased sex ratio. This 
finding suggests that synthetic chemicals that mimic estrogens may have serious implications 
on the future demography of species with TSD, as well as on other life forms. More on 
evaluations of environmental wastes and their endocrine disrupting effects on the physiology 
and behavior of developing and adult organisms are needed. 
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GENERAL DISCUSSION 
As previously discussed, it has been suggested that humans and wildlife species have 
suffered adverse health effects from having been exposed to environmental wastes that have 
disrupted the normal functions of the endocrine system. These environmental wastes that 
interfere with the endocrine system are called endocrine dismptors. Endocrine dismptors are 
synthetic chemicals that can mimic or inhibit natural endogenous hormones responsible for 
differentiation, reproduction, growth and development and maintaining homeostasis. 
TSD species have a means of sex determination much different from that of 
genetically sex determined species (GSD). In TSD species the temperature effects act on 
genes encoding for steroidogenic enzymes and hormone receptors causing gonad formation 
that leads to further hormone production. These later hormones produced are than 
responsible for sexual differentiation of phenotypes. In GSD species the chromosomes are 
then responsible for gonad formation that leads to hormones causing sexual differentiation of 
phenotypes (Crews et al., 1994). 
It is evident that hormones in TSD and GSD species alike are responsible for the 
differentiation of phenotypes. However, the determination of sex is much different. Sex 
determination is the event( s) that initiates male or female producing mechanism( s ). Sex 
differentiation is the chain of events that follows the activation of the sex determination 
mechanism(s) controlling gene and hormonal regulation causing the development of the 
indifferent gonad as a testis or ovary (Lance, 1997). In GSD species sex determination is 
fixed at the time of fertilization, however in TSD species it is not. The sex of TSD species is 
not determined until temperature effects initiate male or female mechanism(s) that regulate 
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gene and hormone regulation for developing the indifferent gonad. Thus there is greater 
potential for the adverse effects of endocrine disruptors, specifically reproductive disruptors, 
on temperature-dependent versus genetically sex-determined species. 
Our ultimate goal was to determine what, if any, effects 2,4-D would have on sex 
reversal of turtle hatchlings, Trachemys script a elegans, which are temperature-dependent 
sex determined. Although, there wasn't statistically a significant difference detected, 
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